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INTEGRATED IMAGING BAR 

BACKGROUND OF THE INVENTION 

This invention relates to an imaging bar which in 
cludes an array of photosensitive reading elements and 
an array of associated marking elements, one for each 
reading element. All of the reading elements, marking 
elements, and circuits are carried as an integrated struc 
ture. 
An image bar comprises a linear array of photosen 

sors, such as photoresistors, coupled electrically to a 
parallel array of marking elements, such as styli. All of 
the sets of photosensors and marking elements, together 
with their associated coupling circuits, operate individ 
ually, simultaneously, in parallel. A device of this kind 
:may be used as a copier element by exposing the photo 
sensor array to an illuminated line image of an original, 
and by scanning with either the image or with the image 
bar to provide a line-by-line scan of an original docu 
ment. The ouput side of the image bar may simulta 
neously write a line-by-line charge image on to a suit 
able receptor or recording medium to either cause di 
rect coloration in correspondence with the original 
document or to provide a latent image of the original 
document for subsequent development. 1 
An example of an image bar of this kind, employed as 

a copier element, is disclosed in U.S. Pat. No. 3,409,899 
to Cowan et al and suggested in FIG. 6,of US. Pat. No. 
4,257,071 to Lamb. Also, Pat. No. 4,271,435 to 
Takenouchi et a1 discloses a readout head that includes 
a combined array of lenses and aligned photosensitive 
elements to read an original document. 
Cowan et al discloses an image bar comprising an 

array of photoresponsive elements comprising cadmium 
sul?de, deposited on one end of a support or substrate 
and an array of writing stylus deposited at the other end 
of the support with a voltage divider circuit arrange 
ment for electrically coupling the photoresponsive ele 
ments and the writing stylus. The voltage supply, pho 
toresponsive elements and the circuit arrangement are 
all operated at high voltages, e. g., above 200 volts, and 
provide high voltage directly to the sytlus for writing. 
The problem with such an image bar is basically two 

fold. First, the photosensitive materials, employed, e.g.,' 
cadmium sul?de, require high levels of illumination for 
practical copying purposes and the levels of illumina 
tion required are much larger than those presently re 
quired for conventional copiers, e.g., xerographic copi 
ers. Secondly, the circuitry employed in the image bar 
is all at high operating voltages. High voltages place 
limitations on the circuit elements that are employed 
and necessarily leads to increased costs. With the addi 
tion of switching elements necessary to supply high 
voltages to switching elements that supply high volt 
ages to marking or writing elements, these circuit com 
ponents, whether supplied as discrete components or as 
an integrated circuit as in Cowan et al, are costly to 
manufacture, bring about large amount of power dissi 
pation and increase chance of high voltage shorting 
between circuit elements and present undesirable dan 
gers to the safety of user personnel. ' 

It is the primary objective of this invention to over 
come these drawbacks concerning high illumination 
and voltage requirements in‘ an image bar while apply 
ing present thin ?lm or MOS/VLSI technology to pro 
vide a low cost and compact integrated image bar hav 
ing an integral image reading and writing section for 
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2 
respectively reading an original document and immedi 
ately creating an image of the document. 

SUMMARY OF THE INVENTION 

According to this invention, an integrated image bar 
comprises an array of photosensitive reading elements 
and an array of associated marking elements, one for 
each reading element. Each reading element is linked to 
its associated marking element by means. of an inte 
grated circuit which comprises a plurality of transistor 
ampli?ers to provide a low voltage signal proportional 
to the exposure and a change in impedance of an associ 
ated photosensitive reading element is operative to pro 
vide a comparatively high voltage to an associated 
writing stylus. The photosensitive reading element may 
comprise a photoresistor or a combination charged 
node and photodiode either of which may be fabricated 
in thin ?lm or MOS/VLSI circuitry. 
A principal advantage gained by this invention is the 

employment of an ampli?cation effect with integrated 
circuitry for the particular read/write application dis 
closed. This effect reduces by many fold the power 
requirements for a ROS printer/plotter or copier sys 
tem not previously realized or achievable in the present 
state of the art. The ampli?cation effect permits the use 
of a very low level of illumination as compared to such 
present state of the art systems which require high lev 
els of illumination as well as an accompanying high 
voltage power source. A low level illumination source 
may be employed because the electrical gain or power 
achieved by employing the ampli?cation effect may be 
as much as from 100 to 1000 times improved over the 
power level of the chosen photosensitive reading ele 
ment. 

The integrated image bar includes an optical assem 
bly and an integrated circuit assembly formed on a 
single support. The operating circuitry is fabricated by 
integrated circuit technology on an appropriate sub 
strate to form the latter mentioned assembly. An optical 
assembly comprising an array of selfocus lenses is se 
cured to the support in a manner so that the focal point 
of the array input to the lenses is across the width of a 
platen for reading a document and the focal point of the 
array output from the lenses is across the width of the 
phtosensitive reading elements position on the substrate. 

' The lens array output may be re?ected at an angle onto 
the reading element array or the reading element array 
may be aligned to be in the optical path of lens array ' 
output. 

Particularly useful circuit elements for the ampli?ers 
are thin ?lm ‘transistors. The use of thin ?lm transistor 
ampli?ers allows the fabrication of the photosensors, 
ampli?ers and styli in a compatible technology, giving 
rise to a low cost unit with suf?cient ampli?cation that 
the illumination requirement can be reduced well below 
that necessary with conventional copiers. This enables 
the design of a low cost, low power, portable copier. 
Other objectsand attainments together with a fuller 

understanding of the invention will become apparent 
and appreciated by referring to the following descrip 
tion and claims taken in conjunction with the accompa 
nying drawings. I ‘ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of one section of an image 
bar in accordance with the invention comprising a pho 
tosensitive reading circuit portion and marking element 
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circuit portion and includes an input/output interface 
circuit portion for communication with a remote stor 
age device or transfer to a remote image bar. 
FIG. 1A is a circuit diagram for an alternative em 

bodiment for the photosensitive reading circuit portion 
Of 1. [ 

FIG. 1B is a simple logic diagram for the circuit 
portion shown in FIG. 1A. 
FIG. 2 is an equivalent circuit diagram of the circuit 

shown in FIG. 1 to conform with the integrated circuit 
layout shown in FIGS. 3 and 4. 
FIG. 3 is a side view of a portion of the integrated 

image bar according to this invention. 
FIG. 4 is a plan view of the integrated image bar 

portion shown in FIG. 3. 
FIG. 5 is a schematic circuit diagram of an input/out 

put interface circuit portion and control circuit for the 
integrated image bar of FIGS. 1 to 4. 
FIG. 6 is a side view of an integrated image bar ac 

cording to this invention and arranged for copying and 
reproduction of an original document. . 
FIG. 7 is a side view of another embodiment of the 

integrated image bar according to this invention and 
arranged for copying and reproduction of an original 
document. 

DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, the circuit 1 shown represents 
the circuitry interposed between a photosensor or pho 
tosensitive reading element in the form of a photoresis 
tor R2 and a marking element in the form of a stylus or 
electrode S. The circuit represents only one such sec 
tion of the integrated circuit assembly for the integrated 
image bar, as circuit 1 is repeated as many times as there 
are photosensors and styli comprising the full width of 
the image bar, for example, on the order of 3000 such 
sections to cover a standard A4 page width. The circuit 
1 may be thought of as separated into three portions 
which are an input/ output interface circuit portion 42, a 
photosensitive reading element portion 44 and a mark 
ing element portion 46. 
The stylus S is representative of conventional electro 

graphic printers wherein, based upon the voltage poten 
tial established between the stylus S and backing elec 
trode structure, represented by the dashed line triangle 
3, a discharge is produced at stylus S forming a depos 
ited charge on the recording medium 2. The voltage 
potential difference between V4 and V9 is typically 350 
volts or more to bring about such a charge deposition. 
In order to obtain deposition, a discharge or breakdown 
must occur between the stylus and the backing elec 
trodes. V9 may also have a pulsed waveform to initiate 
as well as extinguish breakdown. Of course, the voltage 
requirements depend upon the geometry of the stylus 
and backup electrode, the type of recording medium 
and environmental conditions, such as, humidity. The 
backup electrode 3, for example, may be either a U 
shaped channel member, a conductive plate or a resis 
tive strip material having a predetermined sheet resistiv 
ity. 
The circuits of FIGS. 1 and 1A may be formed with 

integrated circuit technology such as, NMOS, PMOS, 
CMOS, bipolar or TFT technology, e.g., laser recrys 
tallization. 

Circuit 1 includes three transistors T1, T2 and T3, 
and four resistors R1 to R4. R3 is a bias resistor for a ?rst 
stage ‘ampli?er (T1) and with circuit capacitance C, 
which is shown in dotted con?guration in FIG. 1, pro 
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4 
vides a storage capability for a signal VG; between the 
two stages of the ampli?er R3 may be substituted by a 
transistor 16, shown in dotted line con?guration in FIG. 
1, with a suitable gate control, for example from V]. 
Transistor 16 provides a longer storage time without 
changing the value of C, i.e., the signal VG; may be held 
for a longer period of time since the charge on capacitor 
C will be isolated by transistor 16 substituted for R3 and 
act as a dynamic node. Also, when reading in data sig 
nals from interface circuit portion 42 along with data 

' signals from the photosensitive reading element portion 
44, the gate of transistor 16 would be biased to place the 
transistor in its conducting state. 
For use of the integrated image bar in a direct copy 

ing mode of an original document, a two-stage ampli?er 
incorporating thin ?lm transistors T1 and T2 is used, the 
?rst stage (T1) being a low-voltage, high gain stage, and 
the second stage (T2) being a high-voltage but rela 
tively low gain stage. The ?rst stage T1 may be a dual 
gate transistor to provide for faster response time and 
higher gain. The second gate G2 is illustrated as a dotted 
line in the thin ?lm representation of the circuit 1 in 
FIG. 3. 
With V1 and V3 set at a ?xed low voltage VLT, with 

V2, V5, V7 and V3 set at zero volts, and with V4 set at a 
relatively high voltage VHT, the circuit is ready for 
direct copying of an original document. If no light falls 
on photoresistor R2, due to a reading from a black por 
tion of the original document to be copied, then the 
voltage V61 at the base of transistor T1 is substantially 
VLTsince the resistance of R2 is high. If light falls on the 
photoresistor R2 due to a reading from a white portion 
of the original document, the resistance of photoresistor 
R2 decreases, and V61 falls to substantially zero. 
With Val at VLT (black), transistor T1 will be con 

ducting connecting V3 to V7 or ground so that the volt 
age VGZ on line 40 at the output of transistor T1 is sub 

’ stantially zero and, therefore, transistor T2 will be non 
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conductive. As a result, a voltage of from VHT, from 
V4 appears at the stylus S, i.e., V5 is substantially equal 
to VH7". With V61 at zero (white), transistor T1 will be 
nonconducting so that the voltage V62 on line 40 at the 
output of transistor T1 is substantially VLTfrom V3, and 
therefore, transistor T2 becomes conductive. This low 
ers the voltage V5 of the stylus S to substantially zero 
since V4 is connected to V3 or ground. As a result, no 
output or discharge can be produced at stylus S. 
From the foregoing description, it should be clear to 

those skilled in the art that the logical sense of the pho 
tosensitive portion 44 may be opposite to that explained, 
e.g., the position of R1 nd R2 may be reversed or the 
voltage sense of V1 and V2 may be reversed. Also, the 
voltage polarities and their usage scheme for writing 
may be reversed. 

In addition to providing a direct copying capability, 
the circuit 1 enables information from an image bar at a 
remote location to be read out, as well as enabling infor 
mation to be sent to a remote image bar. These read-out 
and write-in capabilities may be used alone, or in combi 
nation with copying, thereby allowing electronic forms 
overlay techniques to be used, as well as editing to be 
accomplished. Interfacing between image bar circuits is 
achieved by way of transistor T3, which acts as a bidi 
rectional series gate. Further detail with regard to cir 
cuit portion 42 will be explained later relative to FIG. 5. 
FIGS. 1A and 1B disclose an alternative implementa 

tion for the photosensitive reading element portion 44. 
The circuit portion 44’ of FIG. 1A comprises light 
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sensing cell 43 having a dynamic node 4. Node 4 is a 
circuit node which is isolated from V1)” by low impe 
dance transistor 5 and normally is capable of holding its 
voltage level for long periods due to its capacitance to 
ground represented at 6. The photodiode 7 represents 
the light detecting properties ol‘ the cell 43 and is cott 
nected to ground or a negative bias, V55. As imple 
mented in NMOS, when light strikes the area of the 
integrated circuit represented by the cell 43, the pho 

6 
the original document to be copied, V(,'1 to the input of 
inverter 48 is high or “I". As a result, its output V”; is 
low or “0" so that VS substantially equals V1”; When 
light l‘alls on photodiode 7, due to reading a white por 
tion ol‘ an original document to be copied, V(;] to the 
input of inverter 48 is low or “0". As a result, its output 
is high or VH-so that V5 is substantially close to zero 
attd no mark or discharge will occur at stylus S. 
The mode ol'operation ot'circuit I of FIG. I is deter 

tons become converted into electron-hole pairs with It) mined by the set of voltage V| to V6. The following 
some reasonable quantum el'liciency. The holes are Table l showstheopcrating conditions forthe circttit I. 
generally attracted to a'negative biased p-type silicon V7 and Vgill‘t,‘ at zero volts throughout. In the read-out 
substrate while the electrons are attracted into n-type mode, output information appears at V0, and in the 
dil'l‘usion source/drain regions and channel regions. write-out mode, data is inputted at V0. Zn represents the 
Thus, light is detected by collecting negative charge or 15 impedance ol'the output ol'the tri-state bul‘ler I4, which 
electrons. Nodev 4 is said to be a “dynamic node" be- is explained in further detail relative to FIG. 5. 

TABLE I 
(-)l’l.-lR/\’l‘lN(i CONDITIONS I‘OR CIRCUIT | wrrll I'OR'I‘ION 44 

Mode and 
Condition v, v; v; V4 V5 V1, Vm V02 Vs V0 70 

Copying ' 

Black VLT 0 VI” 
. V1.1’ 0 V1.1‘ VII'/' 0 X X X 

White t) V,;,- t) 
Read-Out 

IIltlCk VII'I' (I I) 
V1.1‘ 0 V1.1 X V1.1 V” X "l 

White () VII'I' VII'I' 

Write-In 

Black II VII'I‘ (I 

Inhibit 0 V1] V” 
MIXL‘tI V1.1’ (I V1] VII'I' VL'I' VII-I III 
('opying & 
Read-( )ut 
Mixed V]_'/' t) VL-l VII-1' VII-I Data I.O 
Copying & 
Write-In 

cause it is isolated from VI)”. A dynamic node that has 
been charged to a positive voltage via VI)” will “leak" 40 
to a lower voltage V55 as light is received on the cell. 

Operation ol‘ the cell 43 is as l‘ollows. When RESET 
is high or “I‘’, transistor 5 is on attd VI)” charges the 
dynamic node 36. When RESET is low or “0", transis 
tor 5 is off attd the charged node 36 is isolated from 
V1)”. l’hoto diode 7 is sensitive to light re?ected from a 
white portion ol‘a document causing it to collect nega 
tive charge as previously explained. As a result, there 
will be a sul'?ciently quick decrease of voltage at‘ node 
4. “ 

Theidecline ol‘ voltage at node 4 may be monitored by 
employing an inverter circuit 48. represented by transis 
tors 8 and 9, to sense the voltage ol' node 4 and commu 
nicate it as an output to store 49 and to V5; on line 40. 
Ittverter 48 provides the complement such that. upon 
each RESET and charging of the dynamic node 4, the‘ 
output ol‘ inyerter 48 will start low and then rise quickly 
toward a higher voltage as the‘ dynamic node 4 goes 
quickly low z‘Zlue to the detection of light and depletion 
of positive charge across the diode 7. Store 49 includes 
transistor 17 for connecting the output ofinvertcr 48 for 
storage of this output on capacitor C connected be 
tween line 40 and V“. Signal storage is accomplished by 
a clocking signal on line 18 to the gate of transistor 17. 

_ FIG. 1B is a schematic diagram of the circuit portion 
44' comprising a light sensing cell 43 reset by a RESET 
input and coupled to inverter 48. When no light falls on 
photodiode 7, due to a reading from a black portion of 

In Table I, V'J'might be several volts while VIN-may 
be several hundred volts. X designates a “don’t care" 
situation. 

Table II shows the operating conditions for copying 
when circuit portion 44' is substituted l‘orcireuit portion 
44 of FIG. I. 

TABLE II 

()I’I'IRA'I‘ING CONDITIONS FOR 
CIRCUIT I WI'I'II PORTION 44' 

50 Mode 
altd Con 
dition V|- V2 V3 V4 V5 Vt, VGI VH1 VS 

Copying 
lilack > VD!) O 

V01) Vss VII!) VIII‘ Vss X 
wllilt: 0 V01) 0 

Conditions for “Read-Out“, .“Write-In", 

(10 

case of “Write-In" would be high. 
A thin lilm circuit representation ol‘circuit 1 is shown 

in FIGS. 3 attd 4 while the equivalent circuit layout is 
shown in FIG. 2. FIG. 2 shows the circuit elements of 
FIG. 1 re-arranged to correspond physically with the 
integrated circuit layout of FIGS. 3 and 4. The circuit 4 

“Mixed 
Copying and Read-out“ and “Mixed Copying and 
Write-In" relative to the employment of circuit portion 
44' wouldrbe the same as in Table I except that V2 
would be equal to V55, as opposed to zero, and V1 in the 
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elements, including thin ?lm transistors T1, T2 and T3, 
are deposited by thin ?lm techniques, e.g., laser recrys 
tallized silicon thin ?lms, on a substrate 15, e.g., a glass 
substrate, and a succession of circuits are laid out side 
by side with common lines for ?xed voltages V1 to V5 
and V7 and V8 running transversely through all the 
circuits as best seen in FIG. 4. Each circuit has its own 
stylus output line for voltage VS, its own interfacing 
line for voltage V0, and its own photoresistor R2. The 
photoresistor R2 of each circuit is illuminated from 
below through the glass substrate. Neighboring compo 
nents, e.g., transistors T1 and T3, are shielded by the 
metallization required to form the conductive intercon 
nection, and are thus protected from photo-generated 
leakage by stray light. The ampli?ers drive all the styli 
S in parallel and, therefore, present a continuous drive 
voltage at the stylus nibs when transistor T2 is not in its 
conducting state. 

Since short pulses may be normally involved, the 
storage capacitor C, shown in dotted con?guration in 
FIG. 1, can be easily integrated within the ampli?er by 
lengthening the bar at X—X in FIG. 3 where the V62 
line runs beneath the V3 line. The provision of capacitor 
C makes possible theshort time storage of data supplied 
from V0 via the gate transistors T3. 

Suitable electronic interfacing circuit 42 for utilizing 
the read-out and write-in capabilities of the integrated 
image bar is shown in FIG. 5. Thin ?lm transistor T3 
acts as bidirectional series gate, and the load imped 
ances Rx provide bias from the source V6 to reference 
lines 41 to a quiescent state. ~ 

FIG. 5 shows a multiplexing scheme that may be 
employed in conjunction with the interfacing circuit 42 
for read-out and write-in situations. Groups of gate 
transistors T3 are coupled together to one of a plurality 
of shift register elements 12. Each shift register element 
12 has fourinputs, LATCH ENABLE, O/ P ENABLE, 
SHIFT and PARALLEL ENTRY ENABLE. As will 
be seen, the input, LATCH ENABLE, enables latch 13 
which acts as a buffer for data signals'from serial regis 
ter 11. The input, SHIFT, enables data shift through all 
the shift register elements 12 via their respective shift 
registers 11 from SERIAL INPUT toSERIAL OUT 
PUT. The output, 0/? ENABLE enables and disena 
bles the tri-state buffer 14. .Wlien O/P ENABLE is 
high, the tri-state buffer 14 has at its output an impe 
dance Z0 which is low and enables the passage of a data 
signal onto line 41 from latch 13. When 0/? ENABLE 
is low, an impedance Z0, which is high, is present at its 
output so that any data signal on line 41 is only present 
able to the input of buffer 10. The input, PARALLEL 
ENTRY ENABLE permits the simultaneous input of 
all registers 11 from the output of their associated buff 

‘ ers 10. 

SERIAL INPUT receives data signals from an ap 
propriate data source, e. g., another remote image bar or 
storage device, and these signals are shifted through 
registers 11 by enabling signals via the input SHIFT. 
The output of each of the registers 11 is buffered via 
latches 13. Upon application of LATCH ENABLE, 
with O/ P ENABLE high thereby enabling Z0 to be at 
a low impedance state for the tri-state buffer 14, the data 
signals are provided as output in parallel from the 
latches 13 onto lines 41. Because of the low impedance 
state of buffers 14, V02 is overwritten by the data signals 
provided from latches 13 when the associated transis 
tors T3 are enabled. 
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8 
The appropriate timing and selection of the groups of 

gate transistors T3 is accomplished by counter 43 and 
decoder 45. A timing control (not shown) provides a 
clock signal to counter 43 and the decoder 45 provides 
sequential output on the selector drive lines 47, the 
applied output being voltage V5, to sequentially enable 
connected groups of gate transistors T3. For example, 
in the embodiment shown, the 6 bit binary counter 43 
permits the sequential selection of some 64 selector 
drive lines 47 for application of V5. With the presence 
of some 64 shift register elements 12 providing 64 data 
lines 41, there would be 4,096 transistors T3 and accom 
panying styli S, the product of the number of data lines 
41 and selector drive lines 47. 

In the readout mode, i.e., when the image bar is being 
used to read a document and send the information, for 
example, to another remote image bar, a logical “OR” 
gate function occurs on each data line 41. When a tran 
sistor T3 is biased into conduction, i.e., V5 is high, the 
associated data line 41 follows the voltage V62 which is 
the ampli?ed control signal for that photosensitive read 
ing element portion 44. The transistors T3 are biased 
into conduction via the application of voltage V5 on 
lines 47 from decoder 45. When data signals are being 
received via the gate transistors T3 from lines 40 to lines 
41 for output, O/P ENABLE to shift register elements 
12 will be set low and, therefore, Z0 is at a high impe 
dance. The data signals on lines 41 will be presented to 
the input of buffers 10. The buffered data signals are 
presented as input 39 to a respective register 11 in the 
shift register element 12 and sets the data input of the 
shift register 11. Data is loaded into the register by an 
enabling signal PARALLEL ENTRY ENABLE, and 
the video signals are shifted out by an enabling input 
signal SHIFT, permitting normal serial operation of the 
register elements 12. In other words, between each 
group selection of series gate transistors T3 at decoder 
45, the data signals imputed to registers 11 are serially 
shifted out to SERIAL OUTPUT via the input SHIFT. 

In the write-in mode, i.e., when the image bar is being 
used to write information received, for example, from 
another remote image bar, the stylus drive transistors 
T2 can be addressed via transistors T3. Transistors T2 
are driven by a data signal provided via shift register 
latch 13 and tristate buffer 14. This is accomplished by 
selecting the appropriate group of series gate transistors 
T3 and enabling the low impedance state of the tristate 
buffer 14 by O/ P ENABLE being high. Between each 
group selection of series gate transistors T3 at decoder 
45, the data signals imputed via SERIAL INPUT to the 
registers 11 is serially shifted out to SERIAL OUTPUT 
via the input SHIFT. PARALLEL ENTRY ENABLE 
to the shift registers 11 is disabled during this mode, and 
the photosensitive circuit portion 44 is also disabled by 
switching V1 to a low state or zero. 
As already mentioned, the image bar may also be 

used in modes which combine copying with either writ‘ 
ing or reading. Combining copying with writing allows 
electronic forms overlay and editing functions. Combin 
ing copying with reading allows output monitoring, 
giving a copy of transmitted documents. Harnessing 
several machines together allows simultaneous multiple 
copying with electronic collation. 
An example of an arrangement incorporating the 

layout of FIGS. 2-5 is shown enlarged in FIG. 6. The 
image bar 20 comprises a glass substrate 21 which 
carries the MOS/VLSI or thin ?lm circuits 22 compris 
ing circuit portions 42, 44 and 46. The stylus nibs 23 of 
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the styli S are at the lower extremity of the thin ?lm 
circuits 22. The glass substrate 21 and the thin ?lm 
circuits 22 are encased in a potting material or support 
24. Before encasem. at, the circuits 22 are covered with 
a passivating coating. e.g., polyimide, to protect the 
integrated circuits. A card 25 for peripheral circuits of 
FIG. 5 is secured to the support 24 by means of card 
support 26. The peripheral circuitry may be included, 
for example, in a forty-pin integrated circuit chip 27. 
with connections to the thin ?lm circuits 22 being made 
by way of a ?exible wiring harness 28. Alternatively, 
chip 27 may be bonded ‘directly on substrate 21. 
The photoresistors R2 are located in a region on sub 

strate 21 just above the styli S. A line image of a docu 
ment 29 being copied is formed along the line of photo 
resistors R; with the use of the selfocus lens array 31. 

- Document 29 is supported on a platen 30 and is illumi 
‘ nated by a light 'source 34. Source 34 ‘may be a low 
power incandescent, ?uorescent or xenon lamp. The 
strip lens array 31 forms the required line image on 
photoresistors R2 by means of a plane mirror 32. In 
order to form a complete image of the document being 
copied, . relative movement is provided between the 
document 29 and the image bar 20. a 
The electrical impulses supplied to the nibs 23 of styli 

S are used to form an image on the recording medium 
33 which is passed under the nibs in contact with them 
and at the appropriate speed proportional to the speed 
of relative movement between the document 29 and the 
image bar 20. Any suitable form of recording may be 
used. Thus, the imaging medium 33 may record an 
image directly, by coloration of the sheet due to the 
action of the electrical impulses supplied by the stylus 
nibs, or it may record an electrostatic laten image on a 
dielectric coated medium for subsequent development 
by standard electrographic techniques. Alternatively, 
electrochromic marking techniques may be used, or the 
outputs may be used to operate ink jets or ion jets in 
stead of the styli described above. 
FIG. 7 shows an enlarged view of another embodi 

ment for the integrated image bar according to this 
invention. Image bar 50 comprises a supportmember 
52, e.g., insulating substrate, which may have a width 
equal to that of a document 29 to be read. Support 
member 52 features an upper oblique end 54 and an 
oblique or offset surface 56. The circuitry illustrated in 
FIG. 2 is formed by thin ?lm or MOS/VLSI techniques 
in the regions designated in FIG. 7 for the circuit por 
tions 42, 44 and 46 and for the FIG. 5 circuitry. This 
circuitry is formed on an appropriate substrate 53, e.g., 
silicon. Substrate 53 may comprise a plurality of cou 
pled substrate components extending the full width of a 
document 29 or may comprise a single substrate compo 
nent. The stylus, S, are formed along the lower edge of 
the substrate 53. The stylus S may be formed by con 
ventional photolithography techniques to form metal 
electrodes, e.g., of copper or nickel. Alternatively, 
these stylus electrodes may be produced by ?rst form 
ing a SiOz layer on the surface region 58 where the 
stylus electrodes are to be formed. Next, polysilicon is 
deposited on the SiO; surface. This is followed with a 
selective etch to form the insulating regions separating 
and forming conducting lines constituting the individ 
ual styli S. Then, another insulating layer is formed over 
the preformed styli S. 
The end surface 55 of substrate 53 is beveled to be 

flush with the end surface 57 of support member 52. 
This provides support for the substrate 53 and engage 
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10 
ment or close encounter of the stylus nibs 51 with the 
passage of recording medium 33. 
An array of selfocus lenses 61 is secured to surface 60 

of support member 52 in a manner that the output of the 
lens array will be aligned and focused onto the array of 
photoresistors R2 or photodiodes 7, as the case may be, 
in circuit portion 44 on substrate 53. 
The upper edge of substrate may be provided with an 

illumination source 62, e.g., low power incandescent, 
fluorescent or xenon lamp. 
The image bar 50 is completely self-contained for 

reading a document 29 and reproducing the document 
on recording medium 33, except for the power supply 
and possibly off chip clock source, e.g., quartz clock 
handling. However, clock handling circuitry may be 
provided on chip by known MOS/VLSI technology. 
While the invention has been described in conjunc 

tion with speci?c embodiments, it is evident that many 
alternatives, modi?cations and variations will be appar 
ent to those skilled in the art in light of the foregoing 
description. Accordingly, it is intended to embrace all 
such alternatives, modi?cations and variations as fall 
within the spirit and scope of the appended claims. 
What is claimed is: 
1. In an integrated image bar having an integral image 

reading and writing section and including an optical 
assembly and an integrated circuit assembly formed in a 
support structure, said integrated circuit assembly in 
cluding an array of aligned low voltage, photosensitive 
reading elements formed on a substrate adjacent one 
edge thereof, an array of aligned marking elements, one 
for each reading element, and arranged also along said 
one substrate edge with the ends of said elements ex 
tending to said substrate edge forming an array of re 
cording styli, an integrated circuit interposed between 
each reading element and an associated marking ele 
ment including ampli?er means to provide a low volt 
age signal proportional to the exposure and change in 
impedance of an associated photosensitive reading ele 
ment and operative to provide a comparatively high 
voltage to an associated stylus for writing. 

2. The integrated image bar of claim 1 wherein said 
ampli?er means in each of said circuits includes one or 
more thin ?lm transistors. ' 

3. The integrated image bar of claim 1 wherein said 
' ampli?er means includes two transistors, a ?rst transis 
tor comprising a low-voltage, high gain stage, and a 
second transistor comprising a high-voltage, lower gain 
stage. 

4. The integrated image bar of claim 3 including a 
third transistor arranged to act as a bi-directional series 
gate for enabling externally generated signals to be 
supplied via said second transistor to an associated 
marking element along with said low voltage signal, 
and for enabling signals produced by an associated read 
ing element and ampli?ed by said ?rst transistor to be 
supplied to external circuitry. 

5. The integrated image bar of any one of claims 1 to 
4 wherein said structure carries optical means for form 
ing an image of a document to be copied onto said array 
of photosensitive reading elements. 

6. A copying apparatus including a platen for sup 
porting a document to be copied, illumination means for 
illuminating said document, an integrated image bar in 
accordance with claim 5, means for causing relative 
movement between said document platen and said 
image bar, and a recording medium arranged to cooper 
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ate with said recording styli to record an image of said 
document. 

7. An integrated image bar having an intergal image 
reading and writing section and including an optical 
assembly and an integrated circuit assembly formed in a 
support structure, said circuit assembly formed on a 
substrate and including an array ol'aligncd low voltage, 
photosensitive reading elements formed on said sub 
strate adjacent one edge thereof, an array of aligned 
marking elements, one for each reading element, and 
arranged also along said one substrate edge with the 
ends of said elements extending to said substrate edge 
forming an array of recording styli, lirst circuit means 
included in said circuit assembly and coupled to each of 
said photosensitive reading elements to provide a low 
voltage drive signal output, the magnitude of which is 
proportional to radiation sensed by a photosensitive 
reading element, second circuit means included in said 
circuit assembly and coupled to said marking elements 
and said low voltage drive signal outputs selective of 
said drive signal outputs operative to cause selective of 
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12 
said second circuit means to provide a writing voltage 
at an associated stylus, said optical assembly comprising 
an array of self-focus lenses mounted in parallel but 
spaced relation to said integrated circuit assembly; the 
focal point ofthe array input to said lenses being across 
the width of a platen for reading a document and the 
focal point of the array output l‘rom said lenses being 
across the width of said photosensitive reading ele 
ments. 

8. The integrated image bar of claim 7 wherein the 
array output from said lenses is folded by re?ector 
means for exposure onto said array of photosensitive 
reading elements via said substrate and an aligned slot 
formed in said support structure. 

9‘ The integrated image bar ot" claim 7 wherein there 
is provided a support member for said substrate, said 
support member having a transverse face, said substrate 
positioned on said transverse face so that the focal point 
of the array output from said lenses is axially aligned 
across the width of said substrate. 


